The Difficult Airway Society 2015 guidelines for management of unanticipated difficulties in tracheal intubation in adults have generated much discussion regarding Plan D: emergency front-of-neck access with a scalpelbougie cricothyroidotomy technique. There is concern that this technique may not provide an adequate pathway for the bougie and subsequently the tracheal tube, especially in obese patients with deeper airway structures. This could lead to the formation of a false passage, trauma and failure. A novel cricothyroidotomy introducer, 8 mm wide and 170 mm long, with a sharp leading edge and guiding channel to pass a bougie into the trachea, has been designed to complement the scalpel cricothyroidotomy technique. All 26 (100%) participants successfully performed cricothyroidotomy in the introducer group, whereas only 24 (92%) participants were successful in the scalpel group. The introducer group required fewer attempts to access the trachea compared with the scalpel group (p = 0.046). False passages occurred eight (31%) times in the introducer group compared with 17 (65%) times in the scalpel group (p = 0.022). There were no statistical differences in tracheal trauma (p = 0.490), ease of use (p = 0.220) and device preference (p = 0.240). This novel cricothyroidotomy introducer has shown promising results in securing the airway in an emergency front-of-neck access situation. With robust training, this introducer could potentially be complementary to the scalpel-bougie cricothyroidotomy technique.
Introduction
During a 'can't intubate, can't oxygenate' (CICO) situation, front-of-neck access (FONA) through the cricothyroid membrane is recommended. The Difficult Airway Society (DAS) 2015 guidelines for management of unanticipated difficulties in intubation in adults advocated a didactic scalpel-bougie cricothyroidotomy technique in order to promote standardised training for this rarely encountered crisis situation [1] . However, this scalpel-bougie technique has generated much discussion, as there is a concern that the scalpel may not provide an adequate pathway for the bougie and subsequently for the tracheal tube to follow [2, 3] , especially in obese patients with deep airway structures. This could lead to the formation of a false passage, trauma and failure [4] . Once the bougie has been introduced into the airway, a cuffed 6.0-mm tracheal tube can be railroaded over it into the trachea and rescue oxygenation commenced.
The aim of this study was to compare this novel cricothyroidotomy introducer with the scalpel technique for achieving successful emergency tracheal access in a simulated obese porcine laryngeal model.
Methods
The protocol was approved by the Royal Surrey County The primary outcome measure was the time taken for successful insertion of the tracheal tube into the trachea. We defined this as the time from the moment any equipment We calculated that we would need a sample size of at least 25 participants to show whether the insertion times for a pair of devices differed by more than a threshold value of 45 s and standard deviation of difference of around 80, using a two-sided, 5%
significance level and 80%, based on two studies comparing cricothyroidotomy techniques conducted in our institution [5, 6] . We used the Wilcoxon matched 
Results
Twenty-six anaesthetists participated in the study. 
Discussion
Our study has demonstrated that using an introducer resulted in faster insertion times compared with the scalpel technique. More participants using the scalpel technique were successful in performing cricothyroidotomy within two attempts. Two participants using the scalpel technique failed to gain tracheal access due to exceeding the 300-s Figure 4 Equipment supplied to perform both cricothyroidotomy techniques. Of all the cases reported to National Audit Project 4 (NAP4), 77 (42%) patients were obese. In these 77 obese patients, there were 25 emergency surgical airways performed, and hence it is important to develop a simulated model of an obese neck. The report noted that fine bore cricothyroid cannulae were kinking and that tracheostomy tubes were too short to reach the trachea in these obese patients. Emergency cannula cricothyroidotomy was associated with a high failure rate, approximately 60% [7] . A previous emergency airway rescue study simulated an obese neck by using pork belly, and hence we judged that overlying the porcine larynx with pork belly was an appropriate model to analyse the effectiveness of this novel cricothyroidotomy introducer [8] .
The DAS scalpel cricothyroidotomy technique only requires three readily available items of equipment: a scalpel (size 10); a gum elastic bougie; and a size 6.0 mm tracheal tube. It is also described as the 'stab, twist, bougie, tube' technique [1] . Although this introducer may be seen as 'specialised' equipment requiring universal availability, this has to be balanced against potential higher success rate and faster insertion time. There are variations to the techniques for performing surgical cricothyroidotomy, including the use of cricoid hooks, tracheal dilators and different cricothyroidotomy tubes [4] . Even the bougieassisted cricothyroidotomy technique was described relatively recently in a study comparing it with the 'standard' cricothyroidotomy technique [9] . The DAS 2015 guidelines also recommend making an 8-10 cm vertical incision if the cricothyroid membrane is impalpable, which is likely with obese necks. This may cause unease among anaesthetists, with scalpel handling not part of our routine practice [10] . Although there was an added step of inserting the introducer following scalpel incision, the insertion times were significantly faster in this simulated obese model.
However, the times taken in this study was longer and required more insertion attempts compared with the cricothyroidotomy studies previously conducted in our institution [5, 6] on a similar porcine model, but with only a thin overlying layer of skin. This correlates with the knowledge that cricothyroidotomy is technically more challenging and demanding in obese subjects, as observed in a previous simulated obese neck study [8] . The cricothyroid membrane can be difficult to identify using the landmark technique, especially in obese subjects [12] [13] [14] [15] .
This was reflected in our study, where only 41 (79%) cricothyroid membranes were penetrated. Where the cricothyroidotomy was not performed through the cricothyroid membrane, 10 (19%) were performed through the anterior wall of the trachea and one (2%) through the thyroid cartilage (Fig. 8) . However, pre-procedural ultrasound scanning could assist in identifying the cricothyroid membrane more accurately, especially in obese patients [16] . The Ambu-aScope (single-use flexible (ADEPT) to provide guidance on its use [17] . This guidance would help anaesthetists decide which airway devices should be procured and subsequently cricothyroidotomy technique have also been disseminated to our surgical colleagues, who may be involved in emergency airway management [18] . However, this introducer represents an additional step, and requires adjustment of the depth guard before performing cricothyroidotomy. This is a potential pitfall if the anaesthetist was unfamiliar and untrained in the use of the introducer, and was handed one during an emergency CICO situation. Hence, training in its usage in high-fidelity simulations should be compulsory, as for other cricothyroidotomy techniques. Having an action card [19] for the usage of this introducer could overcome the unfamiliarity and help to ensure that the introducer was used appropriately. Of note, the anaesthetists in this study did not appear to perceive this additional step as detrimental, with neither difference in ease of use nor device preference identified.
There are several limitations to this study. We used a porcine larynx as a substitute for the human airway, with the addition of pork belly over it to simulate an obese neck. With only the neck section available to carry out the study, it was difficult to recreate a real-life emergency CICO situation. We could only encourage the participants to treat their attempts as a true emergency.
Participants were informed to adjust the depth guard to 
